The current practice of providing manganese supplementation to neonates on long term parenteral nutrition is leading to a high incidence of hypermanganesaemia. Magnetic resonance imaging (MRI) studies in adults on long term manganese parenteral nutrition have shown changes in TI weighted MRI images and similar findings in a neonate receiving trace element supplementation are reported here. Whole blood manganese concentration in the infant was 1740 nmoIl (or 8-3 times upper reference limit). In all neonates on long term parenteral nutrition with evidence of cholestatic liver disease so far investigated, the whole blood manganese concentrations were >360 nmolIl (reference range 73-210). Manganese supplementation to patients on long term parenteral nutrition requires reappraisal, particularly in those who develop cholestatic liver disease associated with parenteral nutrition.
The progression of parenteral nutrition associated liver disease was indicated by increased plasma values of both bilirubin and aspartate aminotransferase. Serum concentrations of trace metals, including copper, selenium, and zinc had been monitored throughout and remained within the normal range. Manganese was finally included in an investigation carried out when the infant was 17 months old. The result showed a high blood manganese concentration of 1740 nmol/l (reference range 73-210 nmol/l). At 18 months her condition deteriorated and after readmission, neurological review indicated a poor prognosis and she died peacefully.
Discussion
The recognition that manganese is an essential trace element' has led to its incorporation into parenteral solutions. Balance studies suggested a daily dietary requirement of 0-7-2-5 mg in adults2 but, given the methods then used for analysis of trace elements, these figures were probably at best a crude estimate. In 1988, the American Society for Clinical Nutrition issued recommendations for paediatric parenteral nutrition, including newborn infants, of 1 ,ug manganese/kg pending further data on growth requirements.3
In the UK, manufacturers of multielemental solutions have recommended that babies weighing less than 10 kg should receive a daily manganese supplement of 44-55 ,ug/kg (800-1000 nmol/kg).4 This amount is 55 times higher than the American Society for Clinical Nutrition recommended in 1988.
Liver disease is a well recognised complication, of unknown aetiology, in patients on long term parenteral nutrition. In contrast to copper, whether manganese accumulation may be hepatotoxic in man is not known. Evidence that it may be hepatotoxic has come from studies in rats injected intravenously with manganese solutions. This resulted in a mild but reversible episode of intrahepatic cholestasis. When manganese 'overload' was subsequently followed by infusions of bilirubin, the lesions increased in severity as the doses of bilirubin infused increased.5 Manganese could therefore be a major and overlooked causative factor, as the metal is excreted via the biliary system.6
It seems that excess manganese may also (table) . The results showed accumulation of aluminium, chromium, and manganese. At the time, the potential significance of these manganese findings was overlooked.
As a result of our findings in case 1, we have now investigated 53 children who have been on parenteral nutrition for more than six weeks and have found manganese concentrations >360 nmol/l in all those who had biochemical evidence of cholestatic liver disease (35/53). One child with short gut syndrome, who had been on parenteral nutrition since shortly after birth, developed associated liver disease and whole blood manganese on day 51 was 1037 nmoIl. The highest concentrations of blood manganese were found in infants <2 years of age; these infants were all receiving parenteral nutrition (Ped-El, Pharmacia Ltd; figure) . The biliary excretion of manganese in this age group may also be less efficient.
Conclusion
We recommend the following in patients on parenteral nutrition: blood concentrations of manganese need to be monitored on a regular basis and any evidence of cholestatic liver disease should be evaluated taking the manganese concentration into consideration. We suggest that MRI should be carried out in children who have persistent concentrations of whole blood manganese >360 nmolfl to monitor the development and function of the basal ganglia.
Reducing the parenteral administration of manganese could in theory induce hypomanganesaemia. However, there is only a single case reported in the literature of manganese deficiency; this involved an individual on an experimental diet.'0 In patients on long term parenteral nutrition, regular monitoring of whole blood manganese concentrations should eliminate this possibility.
Following these findings, Pharmacia Ltd have now (i) issued new guidelines on the use of Ped-El; (ii) issued Peditrace which contains 1 ,ug/kg manganese in line with the American Society for Clinical Nutrition recommendations. This product, which will replace Ped-El, is awaiting a product licence and is currently issued on a named patient basis only; and (iii) withdrawn Addamel from clinical use.
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